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Introduction
The grapevine (Vitis spp.) is one of the worlds most planted horticultural crop cultivated all over the world. The origin of cultivation of the grape (V. vinifera) is southern Caucasia, now occupied by north-west Turkey, northern Iraq, Azerbaijan and Georgia (Mullins et al. 1992) . The grape itself is used for a myriad of products, ranging from fresh fruit, preserves, juice, wine and raisins. Grape is the one of the major cash crops in India. However, there are several diseases which attack grape and cause severe loss in yield as well as to the economy.
Powdery mildew (Erysiphe necator Schwein.) is one of the major destructive diseases of grapes in India. The disease affects most parts of the grape (leaves, fruits, flowers and canes). It causes curling and senescence of leaves, weakening of stems, inhibition of bud sprouting and cracking of berries, which results in large economic loss. The currently available control methods include the use of chemical fungicides, but the repeated and heavy dose application of chemical fungicides results in development of pathogen resistance, environmental contamination and also adverse effects on human, plants and other beneficial organisms (Thomas 1986 , Manandhar et al. 1988 . The best alternative strategy for chemical control includes the use of eco-friendly biocontrol agents to reduce the disease severity caused by powdery mildew. Many foliar diseases were successfully controlled by a number of researchers using bio-control agents under greenhouses and 182 field trials (Singh et al. 2000 , Abd El-Moneim 2001 , Mosa 2002 , El-Gamal 2003 , Kamel 2003 , Saber et al. 2003 , McGrath 2004 , Hussein et al. 2007 , Ramanujam et al. 2010 , Sawant 2014 ).
The present study was planned to test the potential of cell-free culture filtrates and biomass of the isolated fungal cultures of Ampelomyces quisqualis, Trichoderma harzianum and Saccharomyces cerevisiae to prevent and to control or cure powdery mildew disease of grape plants in an open field. Healthy seedlings of grapes were used for testing preventive measure of cell-free culture filtrate and biomass of fungal isolates. For testing curative measure, seedlings were subjected to natural infection in an open field and these diseased seedlings were used for the experiment.
Materials & Methods

Microbial isolates
Ampelomyces quisqualis (NFCCI 222), Trichoderma harzianum (NFCCI 4090) and Saccharomyces cerevisiae (NFCCI 4094) were microbial isolates used in this study. These fungi were previously isolated from specimens collected from Pune (in 2006) and ARI Hol farm, Baramati, Maharashtra (in 2016), and identified. The cultures are deposited and accessioned in National Fungal Culture Collection of India (WDCM-932), MACS' Agharkar Research Institute, Pune, Maharashtra, India.
Protocol followed for culture filtrates preparation
Culture filtrates of the three fungi were obtained by growing the isolates on potato dextrose broth for 15 days at 20-25°C and centrifuged at 10,000 rpm for 20 min. The supernatant was filtered by passing through sterile mixed esters of cellulose acetate filter (0.2 µm) (Elkot & Derbalah 2011) .
Control of the powdery mildew disease on grape plants under open field condition
The study was carried out at ARI (in open condition). Forty potted healthy seedlings of susceptible variety of grape (Thompson seedless) were used for the experiment. Two strategies, preventive and curative measures, were followed. The preventive measure experiment was started with healthy seedlings in September, just few weeks before the powdery mildew incidence commences. In preventive measure, the healthy seedlings were sprayed with cell-free culture filtrates and pelleted crushed biomass of the fungal isolates thrice with 10 days of interval between successive application before the natural emergence of disease on seedlings and then they were placed in the open field till the end of the powdery mildew season for recording observations. In the second part of the experiment the healthy seedlings were kept in an open field for the development of powdery mildew disease under natural conditions (temperature 25-28°C, relative humidity 60-70% approx.). The experiment started after the development of powdery mildew infection naturally on potted seedlings kept in an open field. In this curative measure, all naturally infected seedlings were selected and these seedlings (3 seedlings for each treatment) were sprayed with the cell-free culture filtrate and crushed biomass. While the control plants were sprayed with sterile water (Elkot & Derbalah 2011) . To assess the disease, we selected three leaves for each plant (9 leaves for each treatment). The disease severity was calculated before and after treatment of each isolate.
Scanning electron microscopy
To study the effect of fungal isolates on powdery mildew of grapes, treated and untreated leaf samples were processed for scanning electron microscopy (SEM). The leaf samples were fixed with 2% glutaraldehyde for 2 hours, post fixed in 2% osmium tetroxide in 0.1 M potassium phosphate for 12-48 hours. Specimens were dried in desiccator with silica gel for 24-48 hours (Gupta et al. 2013) . The dried samples were mounted on aluminium stubs with a double stick carbon tape and coated with gold in sputter coater. A ZEISS EVO MA 15 scanning electron microscope at 20KV was used to examine the samples.
Disease severity
Disease severity is the percentage of relevant host tissues or organ covered by symptom or lesion or damaged by the disease. Assessment of disease severity was carried out before treatment of the first inoculation (initial disease severity) and three times later with ten day's intervals. The powdery mildew disease severity was estimated by counting percentage of leaf area covered by visible powdery mildew colonies/lesions per leaf (Wang et al. 1995) . For the assessment of disease severity, we examined three old leaves per plant for three plants in each treatment (i.e.9 leaves/treatment). On the basis of estimated percentage of lesions on the leaf surface: 0, 0.1-5.0, 5.1-15.0, 15.1-30.0, 30.1-45.0, 45.1-65.0, 65.1-85.0, and >85.0, each leaf was graded as: 0, 1, 2, 3, 4, 5, 6, and 7, respectively. Then by using the results of grading, disease severity was calculated as follows:
Sum of (Grade value × number of leaves in that grade) SI = × 100 Total leaf number × highest-grade value Then corrected disease severity was calculated using method described by Kamel (2003) as follows:
Corrected disease severity = L/M × N where: L -initial disease severity of treatment M -initial disease severity of the control N -final disease severity of the control
The presence of powdery mildew colonies on grape leaves before treatment caused wide variation in the initial disease severity under field conditions. Therefore, to assess the real comparable efficacy of treatments it was important to calculate the percent disease inhibition (DI %). The formula used for CDI % is as follows:
CDI % = A -B/A × 100 where: CDI -corrected disease inhibition A -corrected final disease severity of treatment B -final disease severity of treatment
Results
Visual observations
Effects of culture filtrate and biomass of fungal isolates before the emergence of powdery mildew on grape plants
It was observed that the leaves of the healthy seedlings, which were applied with culture filtrate and crushed biomass of fungal isolates, did not show the development of powdery mildew colonies even after 30 days of treatment. However, the untreated leaves (control) showed development of powdery mildew colonies (Fig 1) . This clearly indicates that the cell free culture filtrate and crushed biomass of the tested microbial isolates successfully prevented or postponed the emergence of powdery mildew infection. 
Effect of culture filtrate and biomass of fungal isolates after emergence of powdery mildew on grape plants
The application of culture filtrates and biomass of microbial isolates significantly reduced the powdery mildew disease severity in grapes as compared to control treatment (Fig 2) . The cell free culture filtrate of T. harzianum gave higher effectiveness against the powdery mildew on grape as compared to other two test organisms. Treatment with T. harzianum gave about 85-90% disease inhibition of powdery mildew on grape. T. harzianum was followed by A. quisqualis cell free culture filtrate showing about 80-85% disease inhibition, followed by S. cerevisiae biomass giving about 70-75% disease inhibition (Table 1) . 
Microscopic examination
Microscopic examination (SEM) of the control leaves showed that hyphae, conidiophores and conidia of the powdery mildew fungus were present in their normal condition. However, morphological abnormalities such as rupturing of hyphae and conidiophores, shrinkage, twisting, hydrolysis and decomposition of conidia of the powdery mildew fungus were observed on grape leaves treated with cell-free culture filtrate and crushed biomass of the tested microbial isolates (Fig  3) . 
Discussion
Nowadays biological control is considered a good alternative for prevention and suppression of powdery mildew in some crops. The myco-bioagents have ability to inhibit the growth and spread of grape powdery mildew. Many attempts have been made to use myco-bioagents against powdery mildews. Malathrakis (1985) reported the fungus Acremonium alternatum as a hyperparasite of the cucurbit powdery mildew pathogen Sphaerotheca fuliginea. The effectivity of Tilletiopsis albescens has been tested for the biocontrol of powdery mildew (Knudsen et al. 1993) . Biocontrol of cucumber powdery mildew using phialoconidia of Verticillium lecanii has been reported by Verhaar & Hijwegen (1993) . Falk et al. (1995) reported that partial control of grape powdery mildew is possible by the use of the mycoparasite Ampelomyces quisqualis. Antibiotic producing fungi antagonistic to Erysiphe graminis have been reported for the biocontrol of powdery mildew (Lee et al. 1995) . Phoma glomerata can colonize and suppress development of powdery mildew on oak and may have utility as a mycoparasitic agent (Sullivan & White 2000) . Penicillium oxalicum was found to be most effective in controlling powdery mildew in open-field nurseries of strawberries (De Cal et al. 2008) , while Hegazi et al. (2010) and Elkot & Derbalah (2011) used cultural filtrates of Epicoccum and Trichoderma species to control powdery mildew on Zinnia and squash, respectively. Biological control of powdery mildew has also been carried out by using culture filtrates of Trichoderma harzianum (Sawant 2014) . The epiphytic fungus Psuedozyma aphidis was found to be effective for the biological control of cucurbit powdery mildew (Gafni et al. 2015) . Recently, biological control of powdery mildew using yeast has been reported (Raghuwanshi et al. 2016 ).
The present preliminary study was intended to control/partially control of powdery mildew disease of grapes and to demonstrate the possibility of reducing the excessive use of chemicals in agriculture. Cell-free culture filtrates and crushed biomass of all tested fungal isolates (A. quisqualis, T. harzianum, S. cerevisiae) showed effectiveness against powdery mildew pathogen and significantly reduced disease severity of powdery mildew of grapes. This may be due to the production of some antifungal substances by these tested fungal isolates.
The data obtained from this study showed that cell-free culture filtrate and biomass of the tested fungal isolates successfully prevented the emergence of powdery mildew of grape plants or postponed powdery mildew emergence as there was no development of powdery mildew colonies on grape leaves even after 30 days of treatment; whereas the untreated leaves (control) showed the emergence of powdery mildew colonies.
From the visual and microscopic observations of this study it was also found that the cell-free culture filtrate and biomass of the tested fungal isolates satisfactorily control powdery mildew disease and significantly reduced the severity of powdery mildew of grapes. T. harzianum was found to be most effective against powdery mildew followed by A. quisqualis and S. cerevisieae. These preliminary results suggest that all the above tested fungal isolates can be used as a potential bioagents against grape powdery mildew.
The overall study of these experiments proves that the cell free culture filtrates and crushed biomass of the tested fungal isolates could be successfully used as bioagent against powdery mildew of grapes as a good alternative to hazardous chemical fungicides. These myco-bioagents may successfully prevent, postpone or control powdery mildew of grapes and reduce the use of chemical fungicides and minimize environmental pollution. However, the preliminary observations of bio-control potential of selected fungi, recorded in the present paper, may further require to be tested in 1-2 consecutive seasons of powdery mildew in order to validate the results. Besides, effect of tested fungi on non-target hosts is required to be tested for applying to the larger areas.
